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TECHNICAL MEMORANDUM X-53898 


A NEW INTERPRETATION OF THE EXPLORER XVII 
AND EXPLORER XXXII IONIZATION GAUGE DATA AND 
ITS IMPLICATIONS TO ORBITAL ANALYSIS 

SUMMARY 


The response of the modified Redhead magnetron density gauges 
used on the Explorer XVII and Explorer XXXII satellites has been 
analyzed by using the transmission probabilities and time response 
characteristics due to geometry and gas -molecule/ surface interactions. 
It was found that the very evident fluid dynamic response character- 
istics of the data required an interpretation which uses low energy 
and momentum exchange for the gas on the initial wall collisions with 
total loss of atomic oxygen. An additional signal due to a process -- 
most likely to be recombination -- taking place on the wall of the 
gauge is suggested. For the example used, there is a factor of two 
between the derived density based on the original assumptions and the 
density based on the new interpretation. 


I. INTRODUCTION 


There has been a consistent difference between the values for the 
density of the upper atmosphere as derived from ionization type gauges 
(pressure gauges, mass spectrometers, etc.) flown on sounding rockets 
and satellites and the density derived from satellite drag [1,2, 3,4,5, 
6], Those groups which conduct experimental probe studies of the upper 
atmosphere suggest that the cause for this difference is in the coef- 
ficients used in the drag analysis; whereas, the groups which conduct 
the drag analysis suggest that the cause is in the interpretation of 
gauge data. Each group has valid arguments, and since there has not 
been any truly definitive experiments conducted to determine the cause, 
either position can be defended without much difficulty. 

Perhaps the best available series of experiments conducted which 
could help define the cause of the problem are the aeronomy satellites 
of the Goddard Space Flight Center [1,2,7,8,9,10,11], Explorer XVII 
(AE-A) and Explorer XXXII (AE-B) had a basic structure ideal for the 
drag analysis (a sphere 88 cm in diameter), as well as several types 
of ionization gauges used to measure density. It was from the Explorer 
XVII data that a consistent factor of two between the gauge-measured 



density and drag-derived densities occurred. Numerous reasons have been 
examined in an attempt to explain the differences; none seem to fully 
describe the problem. At the risk of merely adding more confusion, this 
paper offers a new interpretation of the ionization gauge data and its 
implication both to the use of ionization gauges and to orbital analysis 
of satellites for determining upper atmosphere densities. 

In addition to the advantage of the geometry of the aeronomy satel- 
lites, both AE-A and AE-B had, among their complement of instruments, 
identical cold cathode magnetron ionization gauges to measure the 
density. Furthermore, from a Monte Carlo analysis of the two types 
of density gauges on AE-A [2], the magnetron gauge (due to its internal 
geometry) was seen to be the more sensitive to various models of gas- 
surface interactions used in the study. Also, the spin rate of AE-B 
was about one-third that of AE-A. Thus, the same gauge could be 
analyzed both in terms of the gas-surface interaction model and its 
time response. 

The details of that analysis are presented in this report. First, 
the measured data are examined and adjusted for obvious characteristics 
of the system. Next, the theoretical response of the gauge is pre- 
sented for several gas-surface interaction models and their time response 
characteristics, and compared with the measured data. From this compari- 
son, the physical processes taking place are suggested. Based on this 
indication, a simple model which yields amazingly similar results with 
respect to the measured data is developed. Using this model, we examine 
the general characteristics of drag coefficients to see what change 
would be expected, if any, in the orbital drag analysis. 


II. FLIGHT DATA 


A. Ionization Gauge Operation 

The modified Redhead is a member of the large family of ionization 
pressure gauges. As the term implies, the neutral molecules which are 
introduced into the sensing volume are ionized, and the resulting ions 
are collected and counted. When there are steady state conditions, an 
ion current is measured which is related to the pressure in the following 
way: 
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where 


I = ion current 
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k = sensitivity factor 
P - pressure 

N = constant usually lying between 1.1 and 1.4. 

In a mixture of gases, the sensitivity for each of the constituents must 
be known to interpret the measurements. In any case, however, the meas- 
ured current is proportional to the number density of the gas mixture in 
the sensing volume. 


B. Flight Data 

Figure 1 presents a typical data sheet, graciously provided by 
Mr. George Newton, GSFC, showing the time and the equivalent N 2 pres- 
sure for the current measured. The left group of columns gives this 
information for the time indicated, while the right group of columns 
gives the data for t + .025 seconds. 


The data were adjusted in the following manner. First, since the 
measured densities must be proportional both to any outgassing in the 
gauge and to the ambient density which is dependent on the relative 
motion between the gauge and the atmosphere, a complete spin cycle was 
examined to find the minimum pressure before the next maximum value. 

This pressure was then subtracted from a complete tumble cycle starting 
with that point, leaving a table of data which depended only on the pro- 
cesses above, principally, the fluid dynamics due to the motion. These 
data were then normalized to the maximum pressure in the table and the 
results plotted (see figure 2), In all cases, a very obvious discon- 
tinuity occurred (such as seen at about 75 and 150 degrees in figure 2) 
at about the same pressure level, due to a calibration constant change 
in the data reduction program. The data were then shifted as indicated 
in figure 2 and renormalized. The final data plots are shown in fig- 
ure 3. Thus, the number density history of a complete spin cycle was 
achieved. 

Inspection of the data reveals several interesting characteristics. 
First, if one considers the response to be equivalent to that of an 
orifice system with the peak pressure indicating the value at the minimum 
angle of attack, then the ratio of the pressure at to that at ago 0 

should indicate the speed ratio. From figure 3, we see that this ratio 
is approximately 20.2, indicating S = 5.7. Since S = U cos (a)/V m , it 
follows that 
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V = UkT/m] 1 / 2 = U cos (a)/S 
m 

« 1400 m/sec. 


If the gas were N 2 > then the exospheric temperature would be about 
3400°K, which is an unacceptable result. A further look at the data 
easily discounts this consideration. If the measured data were purely 
a fluid dynamic response of an orifice in a hypersonic free molecule 
flow, there should be symmetry about the peak pressure. Very evidently 
this is not the case in the measured data. The next approach then would 
be to examine the data as a pressure probe response. This will be done 
in Section III. 


III. THEORETICAL PREDICTIONS 


A. Probe Response 

The response of a probe moving in a gas in free molecular flow and 
under equilibrium conditions is given by 


P 

s 


= P (T /T ) 1 ' /2 F(S) 
o o s v 


K o (G,s,a) 

K o (G , 0,0y ’ 


where 

P g = pressure in the sensor 
P Q = pressure of the ambient gas 
T s = temperature of the sensor 

T 0 = temperature of the ambient gas 

F(S) = e " s2 + jr l/2 S[1 + ERF(S)] 

S = U cos (a)/v m 

U “ mass velocity of the probe relative to the gas 

a = angle between the normal to the orifice and the velocity 
vector 
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V m = most probable speed of the molecules 

KqCGjSjCO = transmission probability in free molecular flow for 
the geometry connecting the ambient flow to the 
sensor volume. 

The factor ^(G, S,a) is a function of the geometry (G) , the relative 
speed (S), the angle of attack (a), and the gas-surface interaction 
model. For free molecule flow with no mass flow, the molecules strik- 
ing a surface are reflected diffusely. An analysis of sounding rocket 
probe data when the speed ratio was small (i.e. , ^ 2-3) indicated that 
the reflections were diffuse; however, there was little difference 
between the response considering a model using completely diffuse 
reflections and a model when every molecule was specularly reflected 
on its first collision [ 13] . 

The Monte Carlo analysis of the geometry of the modified Redhead 
guage shows a significant change in the response of the system at high 
speed ratios with various gas-surface interaction models (see figure 4). 
A simple program was written to calculate the theoretical response of 
the Redhead gauge as a function of the spin angle of the satellites. 

The transmission probabilities calculated by the Monte Carlo method 
were fitted by a least-squares curve-fitting routine, and the responses 
for the three gas-surface interaction models were determined. As in 
the flight data, the results were normalized to the maximum value that 
occurred at the minimum angle of attack. Figures 5, 6, and 7 present 
typical results. 


In all cases these model results exhibit complete symmetry about 
the minimum angle of attack. This feature is due to the assumption of 
equilibrium conditions at every instant of time in the spin cycle. In 
general, the increase in the number of specular reflections results in 
a much broader response characteristics. The dip in the specular 
reflection near the peak response is due to the assumption of completely 
specular reflection even when the angle of incidence of the molecules 
onto the top electrode of the gauge is almost normal. At the high 
energies of gas molecule/satellite-surface interactions, this assump- 
tion does not seem valid; therefore, the transmission probabilities 
for the one specular case were adjusted to more nearly fit the diffuse 
reflection case for 0 and 5 degrees angle of attack, resulting in the 
final set of data shown in figure 8. Actually, this adjustment has 
little effect on either the shape of the curve or the absolute value 
of the number densities. 
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B. Probe Response with Time Response 


In the Monte Carlo calculation of the transmission probabilities, 
other information about the response of the gauge was also obtained. 

One feature was the time history of the molecules entering the gauge 
until they reached the sensing volume. Figure 9 presents typical results 
showing the time required for the total number of molecules to reach the 
sensing volume for three angles of attack. Actually, the values for 
30 degrees angle of attack are essentially identical to those for all 
angles of attack from 30 to 90 degrees. Although 70 to 80 percent of 
the molecules can be sensed in about 10 milliseconds, the total number 
has not arrived at the sensor until about 150 milliseconds. 

Satellites AE-A and AE-B had spin rates of 0.67 sec/rev and 2.0 sec/ 
rev, respectively. In terms of milliseconds per degree of spin, these 
rates are ~ 1.0 and « 5.6. Thus, when 70 percent of the molecules 
reached the sensing volume in AE-A, the angle of attack had changed by 
5 degrees, and in AE-B by 2 degrees. The idea of complete equilibrium 
at each instant of time for the probe analysis was obviously wrong. 
Accordingly, the analysis was modified to provide for this feature in 
the following manner. Using the transmission probabilities, the number 
of molecules entering the orifice which will reach the sensor in a small 
increment of spin angle was calculated. The time for that number to 
arrive at the sensor was then determined from the time response charac- 
teristics derived from figure 9. Within the sensor, however, molecules 
were leaving at any instant of time, some of which would return to the 
ambient field and some to the sensor. The flow from the sensor volume 
to ambient conditions was calculated for the geometry of the gauge with 
Monte Carlo techniques, along with the time history for returning mole- 
cules. With all of this information, the number density within the 
sensor volume was calculated as a function of the spin rate. Mathe- 
matically, this would be expressed as 


i-1 


< N totalh = N j K j At j ~ < N total>i K R At R ] 

i=l 


where 


< N total>j 

N. 

J 


= number density in the sensing volume at a spin angle j. 

= average number of molecules entering the orifice during 
the change in spin angle for j-1 to j. 


K. 

j 


probabilities that the molecule will not return to its 
present position. 
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At. = fraction of molecules which will exit or be counted in the 
J time corresponding to the change of spin angle for j-1 to j • 

Typical results of these calculations are shown in figures 10, 11, 
and 12. While the general shape of the curve is unchanged by the time 
integration, the symmetry about the minimum angle of attack which occurs 
under equilibrium conditions is gone. Even more evident, however, is 
the change in the magnitude. Figure 13 presents a typical theoretical 
pressure response for the equilibrium probe response and the time- 
integrated response. 


C. Probe Response with Time Response Plus Gas Evolution 

Although the time integration procedure closely predicts the meas- 
ured values, it is still very evident that some other additional process 
is affecting the data. The effect is certainly not symmetrical since the 
deviation is greater as the measured signal has passed its peak value and 
begins to fall. This fact suggests that, whatever the process or proces- 
ses taking place, they are proportional to the total number of molecules 
which had entered the probe. To test this hypothesis, the previous inte- 
gration procedure was modified to include an additional term proportional 
to the total number density which has entered the probe before each count- 
ing period. The proportionality factor must obviously be a function of 
the gas species, the ratios of gas species, the geometry of the probe, 
the angle of attack, the sticking probability, the recombination probabil- 
ity, etc. Since none of these relations are known, the factor was assumed 
to be constant and various values were tried. The results are shown in 
figure 14 for factors of 0.01, 0.001, and 0.0001. The predicted response 
with the factor of .001 is only partially shown. Since the best fit to 
the data seems to be that model, the comparison is repeated for that case 
in figure 15, where a very good correlation occurs. 


D. Spin Rate Effects 

The flight measurements are for the Explorer XXXII, when its spin 
rate was 0.5 cycle/second. All of the previous analysis considered this 
same rate; however, since the Explorer XVII rate was 1.5 cycles /second, 
the analysis was repeated for this faster rate. Figure 16 presents the 
case of one specular reflection and the factor of .001. While, in 
general, the theoretical analysis does approach closely the flight meas- 
urements for the lower spin rate, the agreement is not nearly so good 
when the correct rate is used. 
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E. Magnitude of Response 


Although the normalized graphical display of the response charac- 
teristics are extremely useful in developing the concepts for the 
physical process occurring in the gauge, the magnitude of the response 
curve is required to relate the measured density to the ambient density. 
Figure 17 shows the predicted magnitude response for (1) an orifice 
analysis, (2) an equilibrium pressure probe analysis, (3) a time-inte- 
grated probe response with one specular reflection and the factor of 
.001 with a 0.5 cycle/second spin rate, and (4) the time- integrated 
probe response with a 1.5 cycle/seconcl spin rate. It is easily notice- 
able that the integrated response values for both spin rates are within 
± 10 percent of the orifice response value at Omin- 

Figure 18 compares the integrated response values with and without 
the additional factor. Again, at the peak value, the increase in the 
number density is only about 10 percent. Figure 19 shows the integrated 
response with the additional factor for two surface- interaction models. 
While the shapes of the curves differ, it is seen that the magnitudes 
of the number density at a m: [ n are identical. 


IV, DISCUSSION OF RESULTS 


A. Angle of Attack Effects 

Although the above analysis has been discussed only for the case 
when a m ^ n = 0 degrees, data were also available for a m in ~ 10 degrees 
and Omin = 30 degrees. Figures 20 and 21 present the flight data for 
Ofoiin = 10 degrees and the integrated time response for both the diffuse 
and one specular-reflection model including the additional factor. 

These curves appear to display essentially the same features as the 
Ofain = 0 degrees results. Similar results for the Gfoin “ 30 degrees 
analysis are shown in figures 22 and 23, where we can see that, while 
there is really little difference between the two models, the completely 
diffuse model actually seems to be more similar to the flight data. 

These features imply that a more realistic model would be one in 
which the type of reflection is a function of the angle of incidence 
made by the gas molecule trajectory with the gauge surfaces. When the 
trajectory makes a small angle with respect to the normal to the sur- 
face at the point of collision, the reflection is more likely to be 
diffuse than when the angle is large (for example, when the molecule 
has a grazing collision where the trajectory is nearly parallel to the 
surface) . 
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B. Composition of the Atmosphere 


In the previous analysis, the species of gas entering the probe has 
not been considered. The flight data used for this study represent meas- 
urements in altitude greater than 280 kilometers. At these altitudes the 
principal constituent of the atmosphere is atomic oxygen, the properties 
of which are essentially unknown, especially in terms of the energy and 
momentum exchange occurring at the very high relative velocity impact 
between the spacecraft and the molecule. Although some definitive meas- 
urements have been attempted, many questions still exist [14]. 

Because atomic oxygen is a very reactive particle, the probability 
that an oxygen atom, upon entering the probe and colliding with the wall 
several times, will become chemisorbed or physically adsorbed must be 
quite high. From the Monte Carlo analysis of the geometry of the pres- 
sure probe, it can be seen in figure 24 that, while a small percentage 
25 percent) of the molecules at small angles of attack may enter the 
sensor volume with less than 4 or 5 collisions with the walls, most of 
the particles must undergo many collisions before entering the sensor 
region. In fact, the particles were tracked for at least 350 collisions 
before they were discarded. (Fewer than 1 percent of the particles made 
more than 350 collisions before they entered the sensor region or returned 
to the ambient flow). 


It seems reasonable to assume that atomic oxygen does not respond 
in the way the "billiard ball" model of the Monte Carlo method predicts. 
Most likely, the atomic oxygen "thermalizes " (i.e. , assumes a velocity 
distribution described by the temperature of the probe) within a very 
few collisions (2 to 6), after which time it becomes bound to the wall 
by some chemical or physical process. Thus, the ion gauge on the satel- 
lite does not measure any appreciable amount of atomic oxygen. 

However, from the analysis above it is quite evident that the 
responses of the density gauge on AE-A and AE-B were very similar 
as predicted from fluid dynamic considerations. There must be some con- 
stituent which must not have been captured onto the walls. Since the 
next major constituent of the atmosphere at these altitudes is molecular 
nitrogen, the response must be due to this gas. 

In summary, the orbiting gauges respond to molecular nitrogen as 
predicted by fluid dynamic considerations, but little or no atomic 
oxygen is measured by these gauges. 
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C. Processes within the Gauges 


In this analysis it . is. evident that adequate correlation between 
the flight data and predicted data requires an additional process which 
is proportional to the integrated number of molecules having entered the 
probe before the time of measurement. Since the principal response is 
due to fluid dynamic characteristics of molecular nitrogen, what is the 
physical interpretation of the additional process? In terms of absolute 
magnitudes, species, etc., it is not possible to quote valid results 
because of the many unknowns listed above. Some insight, however, on 
the problem can be gained from the discussion of the previous section. 
Atomic oxygen must play the dominant role in this response. The addi- 
tional signal is most likely due to molecular oxygen formed from the 
interaction of the oxygen atoms on the chamber walls or from the inter- 
action of an incoming oxygen atom striking another one on the wall. 
Possibly the energy released by a high velocity atom frees loosely bound 
atoms on the wall which eventually recombine to form oxygen molecules. 
Another possibility which has been suggested by von Zahn is the forma- 
tion of N 2 0 [ 15] . 


D. Density Calculations 

The interpretation used above reflects a great change in the 
densities derived from the gauge when compared to previous analysis. 
Newton 1 s method for deriving density uses the expression: 


P * 


(P - P . ) 
max min 


V U * 
mp n 


.1/2 


where 


P = maximum pressure in a tumble cycle 
max 

*min ^ m ^ n ^ mum pressure in a tumble cycle 

V m p = the most probable speed of the gas in the sensor 

U n = the relative normal velocity between the atmosphere 
and the probe. 

Using the data from turn on #68 and assuming the ambient temperature to 
be 10 3 °K and the sensor temperature to be 300°K, the density was deter- 
mined to be 


p « 1.09 x KT 14 gm/cm 3 
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with the ratio of [0]/[N 2 ] *3, so that m = 19; P max “ 6.12 x 10" 7 mm Hg 
= 8.16 x 10" 3 dynes/cm 2 ; P m in m 2.8 x 10 -3 mm Hg ■ 3.73 x 10” 4 dynes/cm? 
Vmp ■ 512 .m/sec, U n a 8300 m/sec. However, this value for density is 
valid only if the sensitivity of the gauge for atomic oxygen is the 
same as it is for molecular nitrogen. Most likely, the sensitivity 
factor for atomic oxygen is about 0.5 that for molecular nitrogen. For 
the [0]/[N 2 ] ratio above, the contributions of the two constituents to 
the total indicated pressure in the gauge is in the ratio of 1/1.5. 
Adjusting the response for this feature, the "true'* P max would be 
1.32 x 10" 2 dynes /cm 2 and 


p = 1.76 x 10“ 14 gm/cm 3 , 


Using the results of this study, we find that the speed ratio is about 
10. Considering equal response of the gauge to N 2 and the "recombina- 
tion product," N 2 makes up about 93 percent of the maximum signal. The 
N 2 density based on a pressure probe is 

p = £ P[T 0 /T S ] y 


where 

m = mass of an N 2 molecule 

k - Boltzman's constant 

T = 1000°K 

P max = x dyne /cm?] x .93 

y - response factor determined by the analysis above * 35.4. 
Evaluating this, we find 


p = 1.24 x 10“ 14 gm/cm 3 
n 2 

since [0] /[N 2 ]= 3, 


p total Pn 2 + p o 

= [1.24 x lO -3 - 4 +2.12 x 10" 14 ] gm/cm 3 
= 3.36 x 10" 14 gm/cm 3 . 
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Thus, it is seen that the density based on this study is about two times 
greater than that deduced by Newton's method. 


E. Implications to Orbital Aerodynamic Calculations 

If the results discussed above truly represent the gas-surface 
interactions at orbital conditions, it is interesting to see how these 
effects influence the more conventional aerodynamic calculations. 

Let us assume that the atmosphere is principally atomic oxygen and 
molecular nitrogen in the ratio [0]/[N 2 ] of 1 at 200 km and 8 at 300 km. 
Since the molecular nitrogen is specularly reflected, it seems reason- 
able that the energy exchange on colliding with the satellite surface 
is incomplete and the accommodation coefficient will be low. For con- 
venience, we let the accommodation coefficient 


ACC 



be 0.5 for nitrogen. 

Thus, for a spherical satellite, the drag coefficient at both 200 
and 300 kilometers will be approximately 2. However, a satellite con- 
sisting of many flat surfaces will be affected as shown in figure 24, 
where the drag of a flat plate is shown for the assumed conditions. 


V. CONCLUSIONS 


From this analysis of the characteristics of the modified Redhead 
magnetron vacuum gauge flown on Aeronomy Satellites A (Explorer XVII) 
and B (Explorer XXXII), the following conclusions may be drawn: 

a. The response of the gauge is not as predicted by equilibrium 
orifice theory or pressure probe theory because of the time response 
characteristics of the gauge and the spin rate of the satellites. 

b. The response is basically a fluid dynamic, time- integrated 
signal which can be predicted by a simple, yet plausible, gas-surface 
interaction model. 

c. The physical properties of the atmospheric gases being measured 
and the kinetics of the gases within the probe indicate that molecular 
nitrogen is the principal constituent being measured with some small 
contribution from processes such as recombination of atomic oxygen 

into molecular oxygen. 
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d. The gas-surface interaction model used for this analysis 
implies that aerodynamic coefficients must differ from those now cal- 
culated using diffuse reflection theories. 

e. A critical need in the space physics area is a series of 
definitive experiments to establish the true interactions of the upper 
atmosphere with space probes. 


VI . RECOMMENDATIONS 


Clearly, an experiment or a series of experiments needs to be 
conducted to answer these rather fundamental questions which plague 
both the space scientist and the space engineer. The Odyssey program 
of the Marshall Space Flight Center outlines several useful experi- 
ments which should be accomplished. These experiments are basically 
aerodynamically oriented from the viewpoint of orbital characteristics. 
To examine the gauge problem more closely, new experiments exploiting 
features observed in this type of analysis should be developed. Speci- 
fically, the idea of Zukov et al. [16] to use an orifice probe and a 
pitot probe to directly measure the upper atmospheric temperature could 
be expanded to include several pitot probes of the same design but with 
minor geometric changes which could allow examination of other param- 
eters. That experiment would be extended to include cylindrical ducts 
of several length- to-radius ratios. In any case, the experiments should 
allow for: 


a. Analysis of the free molecule flow properties of the probe by 
simple numerical methods. Various interaction models could thus be 
easily studied. 

b. Spin modulation through all angles of attack but with spin 
rates sufficiently low to remove problems due to time response charac- 
teristics . 

c. A mass spectrometer sensing element so that individual con- 
stituents could be analyzed. 

d. A complete measurement through perigee to apogee and back to 
perigee. 

e. Various types of gauge wall materials, such as stainless steel 
glass, etc. 
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Figure 1. Typical Data Sheet 
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Figure 2. Normalized Pressure Response for Redhead Gauge 
on Explorer XXXII, Turn-on No. 94, 290 Km Perigee, Q^ n = 1 




Figure 3. Normalized Adjusted Pressure Response for Redhead Gauge 
on Explorer XXXII, Turn-on No. 94, 290 Km Perigee, a- = 0° 
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Figure 6. Normalized Adjusted Pressure Response (Measured) Compared to 
Normalized Theoretical Pressure Response (Predicted using one Specular Reflection), 
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Figure 7 . Normalized Adjusted Pressure Response (Measured) Compared to 
Normalized Theoretical Pressure Response (Predicted using Two Specular Reflections), 




FRACTION ARRIVING AT SENSOR 



Figure 9. Typical Time Response Characteristics for the 
Redhead Vacuum Gauge, Speed Ratio - 8, Diffuse Reflection 






Figure 10. Normalized Adjusted Pressure Response (Measured) Compared to Normalized 
Theoretical Pressure Response (Predicted using Diffuse Reflections and Time Characteristics) 
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Figure II. Normalized Adjusted Pressure Response (Measured) Compared to Normalized Theoretical 
Pressure Response (Predicted using Modified One Specular Reflection and Time Charac 
teristics), a . =0° 
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Figure 13. Pressure Response Characteristics for the Redhead Gauge 
For Equilibrium Conditions and Time Delayed Conditions 
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Figure 14. Normalized Adjusted Pressure Response (Measured) Compared with Normalized Theoretical 
Pressure Response (Predicted using Modified One Specular Reflection Data, Time Charac- 
teristics , and Factors of .01, .001, and .0001 of the Total Integrated Density), 



NORMALIZED PRESSURE RESPONSE 



Figure 15. Normalized Adjusted Pressure Response (Measured) Compared to Normalized Theoretical 
Pressure Response (Predicted using Modified One Specular Reflection Data, Time 
Characteristics, and with a factor of .001 of the Total Integrated Density) 
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Figure 16 . Normalized Adjusted Pressure Response (Measured) Compared to Normalized Theoretical 
Pressure Response (Predicted using Modified One Specular Reflection Data, Time 
Characteristics, and with a factor of .001 of the Total Integrated Density), 
a . = 0 °, Spin Rate = 1.5 cycles /sec. 
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Figure 17, Pressure Response Characteristics for the Redhead Gauge 

For Various Modes of Interpretation, a . =0° 
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Figure 18. Pressure Response Characteristics for the Redhead Gauge 

a , = 0 ° 
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Figure 19. Pressure Response Characteristics for the Redhead Gauge For 
Diffuse Reflections and One Specular Reflection, Both with 
Time Characteristics and a Factor of .001 of the Density 
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Figure 20 . Normalized Adjusted Pressure Response (Measured) Compared to Normalized Theoretical 
Pressure Response (Predicted using Diffuse Reflections, Time Characteristics, and 
a Factor of .001 of the Total Number Density), a . = 10 °. 
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Figure 22. Normalized Adjusted Pressure Response (Measured) Compared to Normalized Theoretical 
Pressure Response (Predicted using Diffuse Reflections, Time Characteristics, and 
a Factor of .001 of the Total Number Density), a . = 30°. 
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